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Abstract
Looking for versatile adsorbent materials for industrial and environmental applications
is a domain of research under active investigation now. Deglet-Nor date variety is one of the
most important biomass resource in the south of Algeria, particularly in the region of Ouargla.
Date stones, as an agricultural residue, are often unreasonably exploited in this region.
Accordingly, in an attempt to valorize this abundant, low cost byproduct, we have studied the
micro porosity of this raw material by carrying out two procedures. First, pyrolysis and
physical activation were performed respectively under dry nitrogen and carbon dioxide
atmospheres. Second, the resulting activated carbons were then characterized by 
measuring their specific surface area (≈ 782 m2/ g) and t h e  m i c r o porous volume (≈ 0.27 
cm3 .g-1). The capacity of adsorption was tested by removing 4-chlorophenol from aqueous 
solutions. Data analysis show that the better fit was obtained with Langmuir model where the
capacity of adsorption was about 390 mg.g-1. 
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1. Introduction 
The growing demand in adsorbing materials for polluted fluids treatment requires an increase 
in research concerning activated carbon preparation methods and sources. Activated carbon is a highly 
porous form of solid carbon produced from carbonaceous raw biomaterials using chemical or physical 
activation treatments. Commercial activated carbons can be manufactured from various carbonaceous 
precursors like lignite and coal (42%), peat (10%), wood (33%) and coconut shell [1]. Use of these 
materials constitutes supplementary charges to their preparation cost. Now days, many other biomasses 
[2-20] are used for producing activated carbons of high quality useful for adsorption of gases or solutes 
from aqueous solution. On the other hand, these materials allow the preparation of activated carbons 
with a variety of surface area, pore volume and pore size distributions by modifying the conditions of 
the carbonization process.  The common processes used for such treatment are broadly divided into 
chemical and physical activations. The chemical activation process is performed in only one step, 
using dehydrating agents such as H3PO4, ZnCl2, H2SO4 and KCl [21]. The physical activation is 
usually carried out in two stages: pyrolysis at high temperature for decomposing the hydrogenated 
matter and activation under gas flow for opening the porosity. In this process, steam nitrogen or carbon 
dioxide or both are used for mild oxidation of the carbonaceous material [22]. One of the advantages of 
physical activation over the chemical activation is the possibility to optimize the pyrolysis step 
responsible for the development of more porous structure and large active surface area. 
 The present work reports the preparation and characterization of activated carbons derived 
from biomass residues under a standard physical activation with carbon dioxide. The capacity of 
adsorption will be then tested in the presence of 4-chlorophenol. 
 
2. Experimental 
2.1 Precursor Preparation 
As it can be shown on figure 1, date stones are oblong hard seeds of variable lengths weighting about 
one gram. After separation of the fruit, they are washed, and dried in oven at 120°C for 24 h. Once 
crushed and dried, the resulting grains, which present a broad size range distribution, are preserved in 
hermetically closed bottles.  
 
 
   
     
 
 
 
Fig 1.  (a). Deglet-Nor variety (fruit and stone). (b). Activated carbon powder 
In order to handle samples with a narrower size distribution and investigate a possible size effect of the 
precursor upon the properties of the carbon, the crushed stones were sieved into four fractions (1-4) as 
indicated in the following table.  
  
96   M.L. Sekirifa et al. /  Energy Procedia  36 ( 2013 )  94 – 103 
 
            Table 1. Abbreviations repeatedly encountered in this work 
Sample 
reference 
Designation 
R-DNi Raw date stone, i: Granulometry index 
P-DNi Pyrolyzed date stone at 700°C for 2 h,   Nitrogen flow 250 ml.min-1. Heating  rate 15 
°C.min-1 
A-DNi Activated date stone at 900°C for 2 h.   Carbon dioxide flow 250 ml.min-1. Heating  rate 
15 °C.min-1 
Fraction     1 
 
  d>1 mm 
            2 
 
560μm<d<1 mm 
           3 
  
50μm<d<560μm 
        4 
 
d<250μm 
Particle size 
average 
 
2.2 Pyrolysis and activation procedures  
The carbonization procedure was carried out using the following montage: 
 
 
 
 
 
 
 
 
 
 
Fig 2. Pyrolysis and activation montage (1: Gas inlet, 2: Residues collect system,  
3: Simple support (quartz cell), 4: Vertical tubular furnace). 
 
A vertical furnace (Ref. BGVA12-300B, CARBOLITE) was connected to the inlet and the out let 
devices allowing an upward gaseous flow through the sample. 75 g of crushed date stones of each 
batch are introduced in a cylindrical quartz cell with internal diameter of 40mm including a frit disc at 
half-height.  The pyrolysis was performed at 700°C for 2 hours under nitrogen flow 250 mL.min- 1and 
heating rate of 15°C.min-1. The crushed date stones were sieved to different sizes as motioned in Table 
1. The activation procedure of the resulting pyrolyzed date stones was activated at 900°C for 2 hours 
using the same montage. The carbon dioxide flow rate was maintained at 250 mL.min-1. 
 
2.3   Characterization 
        The chemical composition of the activated carbon and the surface analysis were respectively 
determined by elemental analysis and Scanning Electron Microscopy techniques. The elemental 
analysis of C, H, N and O was realized  using micro analytic devices ensuring a precision of ± 0.3% 
for the major components (>10%). A LECO analyzer (model SC144) was used for S determination. 
 
2.4   Porosity 
    Adsorption isotherms were obtained from the adsorption of nitrogen at 77 K using the ASAP 2010 
(Micromeritics). The BET surface area (SBET) was calculated on the basis of Brunauer-Emmett-
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Teller (BET) equation [23].The microporous surface (Smicro) and external surface (Sext), as well as 
the micropore volume (Vmic) was evaluated by the t-plot method. The total pore volume was 
determined by the αs method and Dubinin-Radushkevich equation [24]. 
 
2.5 Adsorption of 4-Chlorophenol as a test substrate 
The adsorption of 4-Chlorophenol was carried out in a discontinuous reactor in series of small 
glass bottles of 30 ml.  0.1 g of the adsorbent was added to 25 ml of the test substrate at different 
concentrations. The Closed bottles were placed under continuous agitation .The horizontal 
oscillation position was maintained by applying 180 to 200 blows per minute .The equilibrium state 
was obtained after 72 hours. The contents of the bottles were filtered by plastic filters of 0.2 μm. 
The filtrates were then analyzed by UV-VIS using JASCO UV-970/975 Model (Omax = 282 nm). 
The isotherms of adsorption were performed at ambient temperature (25±2 °C) and within the same 
stirring period. The pH of the solution was held between 6 and 7.  
 
3. Results and discussion 
3.1 Pyrolyzed materials  
 The effect of the pyrolysis time, temperature and particle size upon the yield of pyrolysis is 
discussed hereafter. The elemental analysis and pyrolysis conditions are reported in table 2 and 3 given 
bellow. 
         Table 2. Elemental analysis of the precursors 
Sample    
reference 
C 
% 
H 
% 
N 
% 
O 
% 
S 
% 
C/H 
% 
O/C 
% 
R-DN1 50.51 6.99 1.34 38.81 0.12 0.60 76.8 
R-DN2 46.50 7.17 1.01 40.69 0.16 0.54 87.5 
R-DN3 47.34 6.87 nd 44.02 0.16 0.57 93 
R-DN4 48.80 6.61 0.85 43.62 0.12 0.61 89.4 
 
                               Table 3. Yields and elemental analysis of the pyrolyzed materials 
Elements  
Yield 
(%) 
 
C 
(%) 
 
H 
(%) 
 
N 
(%) 
 
O 
(%) 
 
S 
(%) 
 
O/C 
(%) 
 
C/H 
(%) Sample reference 
P-DN1 23.56 87.94 1.59 1.69 6.42 <0.10 7.30 4.61 
P-DN2 27.95 87.35 1.65 2.01 5.18 <0.20 5.93 4.41 
P-DN3 32.55 84.83 1.3 1.86 5.8 <1.10 6.84 5.44 
P-DN4 32.20 84.43 1.45 1.76 6.43 <0.20 7.61 4.85 
 
 At 700°C, the particle size shows a large effect upon the pyrolysis yield.  24 % was obtained for the 
smaller class of particles (d < 250μm) and 30 % for larger ones (d > 1 mm). The increase of the yield 
with the particle size is observed for both varieties and this  whatever the pyrolysis temperature values. 
In contrary to Demirbas’ Observations [25] regarding other agricultural residues (olive husk, corncob 
and tea waste), this result was not expected .The  holding time , heating rate and  nitrogen flow seem to 
have little effect upon the yields of pyrolysis within the explored ranges of these parameters. 
 
3.2 Burn off  
The carbon–oxygen (O/C) quotient in term of percentage is a fundamental normalized 
propriety allowing the comparison of the effect of pyrolysis and physical activation on the 
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development of porosity.  Tables 2, 3 and 4 set up the evolution of the (O/C) percentage during 
the heating process. 
       
Table 4.  Burn-off and elemental analysis of the activated carbons. 
 
Elements Burn-off 
(%) 
C 
(%) 
H 
(%) 
N 
(%) 
O 
(%) 
S 
(%) 
O/C 
(%) 
C/H 
(%) 
Sample reference 
A-DN1 36.6 81.18 1.01 2.73 9.57 0.11 11.79 6.7 
A-DN2 26.8 88.57 1.08 2.23 7.67 <0.20 8.66 6.83 
A-DN3 33.8 84.93 1.17 1.94 6.87 <0.20 8.08 6.05 
A-DN4 67.4 78.96 1.34 2.47 12.3 0.39 15.58 4.91 
 
The analysis of these results show clearly the appreciable variation of the (O/C) percentage over the 
different carbons (R-DNi(76.8-93); P-DNi(5.93-7.61); A-DNi (8.08-15.58) ).  We note in addition the 
important values of (C/H) ratios which might be attributed to the high resulting degree of aromaticity.  
 
3.3 Textural proprieties of the activated carbons 
 
             Physical adsorption isotherms are a technique widely used in determining the porous texture of 
solids. In this purpose, the adsorbate-adsorbent interactions must be kept at a level in such a way that 
the physical properties of the solid are measured through adsorption and without being masked by its 
chemical behavior.  Table 5 assembles the different characteristics of the various samples. The mean 
pore diameter, Dp, is calculated according to literature [26]. 
 
 
ܦ௣ ൌ ସǤ௏೅ௌಳಶ೅                                                                                                                                  (1) 
 
Table 5. Textural proprieties of the activated carbons 
 
 
 
Activated 
carbons 
 
 
 
Characteristics of activated carbon 
Burn-
off 
(%) 
The specific surface 
area (m2/g) 
t-plot αs 
method
e 
 
Smicro/SBET 
(%) 
 
Vmicro/ VT 
(%) 
 
Dp(nm) 
Langmuir BET SEXT 
(m2/g) 
Smicro 
(m2/g) 
Vmicro 
(cm3/g) 
VT 
(cm3/g) 
A-DN1 36.55 1225 782 291 491 0.27 0.51 63 52 2.63 
A-DN2 26.76 1003 649 113 536 0.29 0.38 82 76 2.36
A-DN3 33.83 951 616 120 496 0.27 0.35 81 77 2.30
A-DN4 67.39 1037 655 369 285 0.17 0.40 43 42 2.44 
 
3.4    Morphology of the prepared activated carbons  
         The SEM images of the raw materials and the activated carbons are shown on Figure 3. Each 
material displays a specific surface morphology, but all of them exhibit a developed porosity. The pore 
size and distribution (macrospores and mesopores) are properties that are unique to every activated 
carbon. Over the entire heterogeneous surface, pore size varies from one carbon to another.  
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Fig 4. SEM micrographs  
Fig.  3. SEM micrographs of raw material (R-DN), Pyrolysis and activated carbons (P-DN, A-DN) 
The structure of pores can affect significantly the kinetics of adsorption. The presence of pores in an 
adsorbent is often characterized by the volume of the pores and by porosity rather than pores’ radius 
[27]. According to the classification of IUPAC [28], the pores of adsorbers can be classified into 
micropores (d<2 nm), mesopore (d = 2-50 nm) and macropore (d>50 nm)). As it is shown in table 5, 
the produced pores have a pore size of about ± 2nm. Therefore, they are predominantly nearest to the 
micropore dimensions and exceed the half of total pores (Vmicro/VT). 
The values of Smicro/SBET indicate the predominance of micropore volumes, and they are consistent with 
the calculated values of Vmicro/VT. During physical activation by CO2, the diffusion of the oxidant 
agent through the carbonaceous matrix involves the removal of impurities and the consumption of 
carbon leading to better porosity according to the following reaction: 
 
     C +CO2 →2CO ∆H298K = 170.7 KJ/mol                                                                                        (2)                  
 
This involved reaction is endothermic and as a consequence is favored by an increase of the 
temperature. The specific surface area SBET of the activated carbons increased at high temperature. This 
is due to the creation of new microspores during the activation process. The adsorption capacity and 
the granulometry of the particles are relatively proportional. 
 
3.5 Particle size effect 
On figure 4 are represented the absorbed volume of Nitrogen versus relative pressure (P/P°) at 
standard conditions of temperature and pressure. It seems clearly from those curves that the best values 
were obtained in the presence of A-DN1 (d ›1mm).Otherwise the greater the particle size, the better is 
the absorption.  
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Fig 4. Adsorption isotherm of N2 on activated carbon 
3.6 Adsorption test 
The adsorption capacities (Qe) at different solute concentrations were determined according to 
mass balance on the adsorbate: 
ܳ௘ ൌ  ሺ஼బି஼೐ሻ௠ ܸ                                                                                                 (3) 
 
Where (C0) and (Ce) are respectively is the initial and final concentration of 4-chlorophenol in mg.L-1. 
(m) the amount of activated carbon in gram. (V) is the solution volume (ml). The Langmuir [29] model 
assumes uniform energies of adsorption onto the surface and no transmigration of the adsorbate. The 
Langmuir equation may be written as follows: 
 
ܳ௘ ൌ  ௕Ǥொ೘Ǥ஼೐ଵା௕Ǥ஼೐                                                                                                     (4) 
Table 6. Langmuir parameters of the adsorption of 4-Chlorophenol ( Pyrolysis conditions: 700°C, 250 ml.min-1 N2, 15°C.min-1, 
2h) (Activation conditions: 900°C, 250 ml. min-1 CO2, 15°C. min-1 , 2h). 
 
Sample S (BET) 
(m2/g) 
b(l/mg) Qm (mg/g) R2 
A-DN1 782 0,09 390 0,9998 
A-DN2 649 0,28 350 0,9999 
A-DN3 616 0,14 340 0,9999 
A-DN4 655 0,01 380 0,9987 
 
Qe and Ce are respectively the adsorption capacity (mg.g-1) and solute concentration (mg.L-1), at 
equilibrium state. Qm is the maximum adsorption capacity (mg.g-1) and b is the Langmuir equilibrium 
parameter (L.mg-1). Qm and b can be determined by plotting (Ce/Qe) versus Ce gives. In homogeneous 
surfaces, the use of Langmuir equation is often suitable [16]. Its linearized form is: 
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 The parameters given in table 6 are in accordance with Langmuir model. The shape of the isotherms is 
the first experimental tool to diagnose the nature of a specific adsorption phenomenon. According to 
Giles et al. [30], the isotherms are classified   into four main groups: L, S, H, and C. In this case, the 
isotherms of 4-chlorophenol compound is considered as an L curve pattern. Consequently, there is no 
strong competition between solvent and the adsorbate during the occupation of the surface sites. 
 
 
            Fig 5. Adsorption isotherms of 4 -Chlorophenol onto activated carbon 
 
3.7  Concluding remarks 
On the basis of what have been done, some important points have to be noted: 
The isotherm of adsorption obtained for activated carbons are of type I according to BDDT 
classification;  
The adsorption of 4-Chlorophenol is in agreement with the Langmuir model (L curve pattern) for the 
different activated carbons. The coefficient of correlation is very interessant (≥0.998).  
The capacity of adsorption of 4-chlorophenol varies between 340 and 390 mg/g. 
 
4. Conclusion  
 Due to their actual practical use in industrial and laboratory scale, the porous structure and 
surface chemistry of activated carbons can be easily tuned by thermal and physical processes.   We 
have been exploiting these properties to the adsorption of 4-chlorophenol which is considered as a 
potent micropolluent. This work shows that date stones can be used as precursor to produce activated 
carbons acquiring a well developed porosity by pyrolysis and physical activation using carbon dioxide 
as an activating agent.  The optimum operatory conditions of pyrolysis was performed at 700 °C  (15 
°C.min-1) and a nitrogen flow rate of 250 ml. min-1 over a period of two hours. Nitrogen adsorption 
shows that the resulting activated carbons are essentially micro porous where the average BET surface 
0 
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area can be increased by the optimization of the pyrolysis and the activation conditions. It has been 
shown also that carbon dioxide has a positive effect on the development of the micro porosity.  
This non exhaustive work might open up new horizons concerning mainly the utilization of this readily 
available, renewable material source as a support in heterogeneous catalysis. Now days, it is 
recognized that the great potential for the growth of activated carbon as catalyst depends upon a better 
knowledge, and consequent control of the surface chemistry.  
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